Delirium is a common and serious complication of acute illness in elderly patients. The aim of this study was to develop and validate a model for predicting development of delirium in elderly medical inpatients who did not have delirium on admission. Consecutive admissions to an acute geriatric unit underwent standardized cognitive assessment every 48 hours. Delirium was diagnosed according to DSM-3 criteria. Independent predictors of delirium in a derivation group of 100 patients were determined using stepwise logistic regression analysis; the predictive model comprised dementia, severe illness and elevated serum urea. This model performed well in a validation group of 84 patients. We conclude that elderly medical patients can be stratified according to their risk for developing delirium using a simple clinical model.
Introduction
Delirium, or acute confusional state, is a common and serious complication of hospitalization in elderly patients. Studies using formal diagnostic criteria for delirium have shown that between 10 and 22% of elderly medical patients are delirious on admission to hospital, and up to 30% develop delirium after admission [1] [2] [3] [4] [5] [6] . Delirious patients have increased morbidity, prolonged hospital stay and increased risk of entering long-term care on discharge from hospital compared with patients without delirium [5, 7, 8] .
Early recognition of delirium and treatment of the underlying cause can shorten the duration of delirium [9] . Nevertheless, many patients do badly even with optimum management. Thus, prevention of delirium should be a major focus of attention. This requires identification of risk factors for delirium in order to predict which patients are at greatest risk.
The purpose of this study was to derive and test a predictive model for delirium based on the admission characteristics of elderly patients without delirium admitted to an acute-care geriatric unit.
Methods

Subjects:
The potential study population comprised 225 consecutive patients admitted over an 18-month period to a 24-bed acute-care geriatric unit within a university teaching hospital. The acute geriatric unit targets acutely ill elderly people who are frail and dependent in activities of daily living. Patients admitted electively for investigations, rehabilitation or respite care, patients with severe aphasia or deafness, patients who were expected to remain in hospital less than 48 hours and those who were not assessed within 48 hours of admission were excluded.
The division of the total study population of 225 into a derivation group of 125 patients and a validation group of 100 patients occurred after completion of recruitment into the study but before any data analysis had been performed. Delirium was present on admission in 25 of 125 patients in the derivation group and 16 of 100 patients in the validation group; these patients are excluded from the present analysis.
Clinical evaluation: All patients underwent detailed cognitive assessment within 48 hours of admission; over 85% of initial assessments were performed within 6 hours of admission. The initial assessment included a semi-structured interview using the Delirium Assessment Scale (DAS) [10] , a recently validated instrument for evaluating individual symptoms of delirium, administration of the Folstein MiniMental State Examination (MMSE) [11, 12] , and physical examination of the patient. Information about the previous cognitive and functional status, past medical history and about the pattern of onset of cognitive impairment was sought from family members, carers and the general practitioner and by inspection of old medical and nursing notes. Details of admission medications and their doses were recorded. All patients had serum electrolytes, full blood count and urinalysis performed on admission; other tests depended on the clinical circumstances. Patients underwent repeated cognitive assessment every 48 hours until discharge or death. Nursing and medical staff, including night staff, were interviewed daily regarding the patients.
Diagnosis of delirium: Diagnosis of delirium was made using the Diagnostic and Statistical Manual (3rd edition) (DSM-3) criteria [13] . Operational definitions of the DSM-3 criteria proposed by workers at the Hospital of the University of Pennsylvania were used in this study, with slight modifications [6, 14] . We specified that all symptoms required for a (26) 25 (30) >p< 0.001.
diagnosis of delirium had to be present during the same 48-hour period. Risk factor diagnosis: A diagnosis of dementia was made if there was evidence of cognitive impairment sufficient to interfere with social functioning or if the Blessed Dementia Rating Score was 4 or more with symptoms present for at least 6 months [15] . A subjective rating of overall illness severity as mild, moderate or severe was made on initial admission by the study physician based on the approach of Charlson and colleagues [16] . In a pilot study, inter-rater agreement between medical staff on our unit for rating severity was excellent (kappa scores >0.9). A weighted comorbidity index was used to quantify medical comorbidity [17] ; this index takes into account the number and seriousness of cormorbid diseases. Dementia was excluded from calculation of the cormorbidity score in this study. Functional status was assessed using the Katz activities of daily living (ADLs) scale [18] ; we calculated a disability score consisting of the number of ADLs with which the patient required assistance.
Depression was diagnosed if the score on an admission 15-item Geriatric Depression score was 5 or more [19] . Visual or hearing impairment was recorded if these disabilities were severe enough, when those aids (hearing aids, spectacles) available on admission were used, to interfere with activities of daily living. Alcohol abuse was noted if a man reported taking more than four drinks a day or a woman more than two drinks a day, if alcohol abuse was reported by the patient or noted in previous medical records, or if a carer expressed any concern about the alcohol intake of a patient.
The following criteria were used to define abnormal laboratory values: serum urea greater than 10 mmol/1, sodium greater than 150 mmol/1 or less than 130 mmol/1, glucose greater than 16 mmol/1 or less than 3.5 mmol/1, albumin less than 30 mmol/1 and white blood cell count greater than 12 x 10 9 /l or less than 3.5 x 10 9 /l. Temperatures greater than 38°C or less than 35°C were also considered abnormal.
Statistics: Unadjusted odds ratios (OR) and confidence intervals (CI) were calculated for each variable with incident delirium as the dependent variable. Continuous variables were dichotomized at clinically meaningful cut-off points. Bivariate correlates of delirium at a significance level of The independent predictors of delirium in the derivation group were combined to form a risk-stratification model which was tested in the validation group. Performance of the model in the two groups was quantified and tested using the areas under the receiving operating characteristic (ROC) curves [20] . A value for 1 for area corresponds to perfect prediction, while a value of 0.5 is equivalent to that expected by chance. Table I shows the characteristics of the derivation and validation groups. Functional impairment was greater in the derivation group; other differences in admission characteristics were not significant.
Results
Development of the predictive model: Delirium developed during hospitalization in 28% of patients in the derivation group. Of those who became delirious, 83% met diagnostic criteria within 5 days of admission. The relationship between delirium and potential risk factors on admission in the derivation group is shown in Tables   Table IV 7-14.9) . No significant interactions between these main effects were found. The beta coefficients from the regression equation for the three risk factors were very similar (chronic cognitive impairment = 1.54, severe illness = 1.72, abnormal blood urea =1.62), and the scoring system for the predictive model was derived by adding one point for each risk factor present.
Performance of the predictive model: In the validation group, delirium developed in 25 (30%) patients; delirium developed within 5 days of admission in 72% of these patients. The relationship between risk score and the observed rates of delirium in the derivation and validation groups is shown in Table IV. The area under the ROC curve was 0.79 (95% CI 0.69-0.90) for the derivation group and 0.75 (95% CI 0.63-0.86) for the validation group.
Discussion
Risk factors for delirium identified in previous studies include advanced age, male sex, severity of illness, increased blood urea, dementia, fever or hypothermia, visual impairment, depression, alcohol abuse and use of psychoactive medications [1] [2] [3] [4] [5] [6] [21] [22] [23] [24] [25] . However, several studies failed to distinguish between delirium present on admission to hospital (prevalent delirium) and delirium developing after admission to hospital (incident delirium). This distinction is necessary to determine whether risk factors actually precede the development of delirium.
The strengths of the present study include the prospective design, the use of a standardized and validated instrument to identify delirium and the performance of repeated assessments throughout hospitalization. Furthermore, the initial assessment of most patients within 6 hours of admission ensured adequate distinction of prevalent and incident delirium.
The predictive model derived in this study includes three well known risk factors for delirium: severe illness, dementia and elevated blood urea nitrogen. This model performed well in an independent data set. The only previous study to derive and test a predictive model for delirium in elderly people was conducted by Inouye et al. in Connecticut [3] . The results of the two studies are remarkably similar despite differences in how delirium was diagnosed and in the definitions of risk factors. They identified visual impairment, severe illness, cognitive impairment and a high urea/creatinine ratio as independent predictors of delirium; this model also performed well in a validation cohort.
Dementia has been identified as a risk factor for delirium in medical [3] [4] [5] , surgical [25] and psychiatric patients [26] . Pre-existing brain damage increases the vulnerability of the brain to physical insults. It is also possible that the disruption of admission to hospital contributes to the development of delirium in demented patients [27] .
In this study, severe illness, determined by the clinical judgement of the study physician, was an independent predictor of delirium. This is consistent with the results of previous studies which suggested that the overall severity of illness is a more important predictor of outcome than the specific diagnoses [3] [4] [5] .
Charlson and colleagues have shown that physicians' estimates of illness severity are an accurate predictor of in-hospital mortality [16] . Also, subjective judgement of illness severity by an experienced clinician is a better predictor of outcome in elderly general medical patients than 'physiological' scores such as APACHE [28] .
Blood urea level greater than 10mmol/l was another independent predictor of delirium. This level represented the upper limit of normal in Leask's study of blood results in healthy elderly [29] . In some patients, elevated urea is probably due to dehydration. There is good evidence that salt and water depletion or both can lead to delirium [30] . Also, a disturbance such as an acute infection can cause both delirium and dehydration [31] . In other patients, elevated urea probably represents a non-specific marker of underlying disease; this is also true of hypo-albuminaemia which was identified as a predictor of delirium in several studies [5, 32] .
The diagnosis of delirium in this study was based on the DSM-3 criteria rather than the DSM-3R criteria. We, like others, believe that the DSM-3 criteria correspond more closely to the clinical features of delirium [33] . Also, Liptzin and colleagues have shown that the DSM-3 criteria are more sensitive than the DSM-3R criteria [34] .
The small sample size and the relatively small number of patients with delirium in the derivation group are important limitations of our study. Several potential risk factors occurred in small numbers of patients in this study, and the confidence intervals for these variables are wide. Another limitation of our study is that we did not use formal screening instruments to detect visual impairment or alcohol abuse, although we did record the presence of these conditions according to predetermined criteria.
Stepwise regression procedures are very powerful tools for deriving independent predictive variables. However, caution is necessary when interpreting the results of stepwise solutions. Very slight differences among the correlations between predictor and outcome variables can lead to major differences in which variables enter the final model using the stepwise approach. The relative importance of variables is not always reflected by the variables retained in a final stepwise model. Thus, it is not appropriate to say that a particular group of variables are the 'best' or 'most important' or to use a stepwise solution to try and explain a phenomenon such as delirium.
There are a number of possible applications for the predictive model derived in this study. Recognition and awareness of delirium by medical and nursing staff on general medical and surgical wards is often poor [35] . Use of the simple model derived in this study to identify patients at high risk of developing delirium might encourage improved surveillance by staff for symptoms of delirium, thus allowing early treatment of the precipitating factors. Use of the model to stratify risk and identify high-risk patients may also facilitate research into strategies to prevent or minimize the impact of delirium.
